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Abstract
Introduction:  The  difﬁculty  in  choosing  the  appropriate  therapy  for  chronic  tinnitus  relates  to
the variable  impact  on  the  quality  of  life  of  affected  patients  and,  thus,  requires  individualiza-
tion of  treatment.
Objective:  To  evaluate  the  effectiveness  of  using  sound  generators  with  individual  adjustments
to relieve  tinnitus  in  patients  unresponsive  to  previous  treatments.
Methods:  A  prospective  study  of  10  patients  with  chronic  tinnitus  who  were  unresponsive  to
previous  drug  treatments,  ﬁve  males  and  ﬁve  females,  with  ages  ranging  from  41  to  78  years.
Bilateral sound  generators  (Reach  62  or  Mind  9  models)  were  used  daily  for  at  least  6  h  during  18
months. The  patients  were  evaluated  at  the  beginning,  after  1  month  and  at  each  3  months  until
18 months  through  acuphenometry,  minimum  masking  level,  the  Tinnitus  Handicap  Inventory,
visual analog  scale,  and  the  Hospital  Anxiety  and  Depression  Scale.  The  sound  generators  were
adjusted  at  each  visit.
Results:  There  was  a  reduction  of  Tinnitus  Handicap  Inventory  in  nine  patients  using  a  protocol
with a  customized  approach,  independent  of  psychoacoustic  characteristics  of  tinnitus.  The
best response  to  treatment  occurred  in  those  with  whistle-type  tinnitus.  A  correlation  among
the adjustments  and  tinnitus  loudness  and  minimum  masking  level  was  found.  Only  one  patient,
who had  indication  of  depression  by  Hospital  Anxiety  and  Depression  Scale,  did  not  respond  to
sound therapy. Please cite this article as: Suzuki FAB, Suzuki FA, Yonamine FK, Onishi ET, Penido NO. Effectiveness of sound therapy in patients with
tinnitus resistant to previous treatments: importance of adjustments. Braz J Otorhinolaryngol. 2016;82:297--303.
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Conclusion:  There  was  improvement  in  quality  of  life  (Tinnitus  Handicap  Inventory),  with  good
response  to  sound  therapy  using  customized  settings  in  patients  who  did  not  respond  to  previous
treatments  for  tinnitus.
©  2015  Associac¸a˜o  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Ce´rvico-Facial.  Published  by
Elsevier Editora  Ltda.  All  rights  reserved.
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Eﬁcácia  da  terapia  sonora  em  pacientes  com  zumbido  resistente  a  tratamentos
anteriores:  importância  dos  ajustes
Resumo
Introduc¸ão:  A  diﬁculdade  em  escolher  a  terapia  apropriada  para  zumbido  crônico  encontra-se
nas suas  diversas  formas  de  impacto  sobre  a  qualidade  de  vida  dos  pacientes  e  requer  a  sua
individualizac¸ão.
Objetivo: Avaliar  a  eﬁcácia  do  uso  do  gerador  de  som  com  ajustes  individuais  para  aliviar  o
zumbido em  pacientes  sem  resposta  aos  tratamentos  anteriores.
Método:  Um  estudo  prospectivo  em  10  pacientes,  5  homens  e  5  mulheres,  na  faixa  etária  de  41
a 78  anos  com  zumbido  crônico  e  resistente  a  tratamentos  medicamentosos.  Foram  utilizados
geradores  de  som  bilaterais  nos  modelos  Reach  62  ou  Mind  9  por  no  mínimo  6  horas  diárias
durante 18  meses.  Os  pacientes  foram  avaliados  no  início,  depois  de  1  mês  e  a  cada  3  meses
até 18  meses  através  da  acufenometria,  Minimum  Masking  Level  (MML),  Tinnitus  Handicap
Inventory  (THI),  Escala  Visual  Analógica  (EVA)  e  Hospital  Anxiety  and  Depression  Scale  (HADS).
Os geradores  de  som  foram  ajustados  em  cada  visita.
Resultado:  Houve  uma  reduc¸ão  do  THI  em  9  pacientes  usando-se  um  protocolo  com  uma  abor-
dagem personalizada,  independente  das  características  psicoacústicas  do  zumbido.  A  melhor
resposta ao  tratamento  ocorreu  naqueles  pacientes  com  zumbido  do  tipo  apito.  Encontramos
uma correlac¸ão  entre  os  ajustes  e  a  intensidade  do  zumbido  e  o  MML.  Apenas  um  paciente  com
indicac¸ão de  depressão  HADS  não  respondeu  à  terapia  sonora.
Conclusão:  Houve  uma  melhora  na  qualidade  de  vida  (THI)  com  boa  resposta  a  terapia  sonora
com ajustes  personalizados  em  pacientes  resistentes  a  tratamentos  anteriores  para  o  zumbido.
© 2015  Associac¸a˜o  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Ce´rvico-Facial.  Publicado  por
Elsevier Editora  Ltda.  Todos  os  direitos  reservados.
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ubjective  tinnitus  can  be  deﬁned  as  an  auditory  perception
n  the  absence  of  an  external  sound  stimulus,1 described  as
 sound  like  a  whistle  or  a  hiss.  It  is  estimated  that  over  30
illion  Americans  have  tinnitus;2 in  Brazil,  it  is  believed  that
his  number  is  about  28  million.3 Thus,  it  is  a  public  health
roblem.
It  is  a  common-sense  conclusion  among  researchers  that
ymptom  severity  can  lead  to  losses  in  quality  of  life.  The
ack  of  control  of  tinnitus  and  its  constant  presence  produces
 high  degree  of  stress;  indeed,  the  emotional  effect  is  vari-
ble  and  may  range  from  a  mild  irritation  associated  with
innitus,  to  states  of  anxiety,  depression,  and  insomnia,  even
eading  to  suicide.4
In  patients  with  tinnitus,  it  is  difﬁcult  to  make  objective
easurements  of  emotional  disorders  such  as  anxiety  and
epression.  However,  several  subjective  assessment  tools
re  available  in  Portuguese,  and  the  Hospital  Anxiety  and
epression  Scale  (HADS)5,6 is  one  of  the  most  used  instru-
ents,  due  to  its  ease  of  application.
Since  tinnitus  is  a  subjective  symptom,  it  is  difﬁcult
o  analyze,  measure,  and  treat.  Thus  evaluations  such  as
R
c
hcuphenometry,  the  use  of  visual  analog  scales  (VAS),  and
uestionnaires  to  determine  the  impact  on  quality  of  life
uch  as  the  Tinnitus  Handicap  Inventory  (THI)7,8 are  very
mportant  strategies,  as  are  individual  approaches  in  the
reatment  of  these  patients,.
Among  the  therapeutic  possibilities  for  sensorineural
innitus,  drug  therapy,  acupuncture,9,10 transcranial  mag-
etic  stimulation,11 cognitive-behavioral  therapy  (CBT),12
nd  sound  therapy  (masking  therapy13 and  habituation  ther-
py)  can  be  cited.4 Some  patients  try  several  resources
ttempting  to  ﬁnd  a  treatment  that  brings  signiﬁcant  relief
or  their  tinnitus.
The  process  of  habituation  to  tinnitus  with  the  use  of
ound  therapy  consists  of  the  stimulation  of  the  ear  by
he  presence  of  constant  sounds,  with  the  aim  of  reducing
ypersensitivity  in  quiet  surroundings.  In  this  process,  sound
enerators,  with  or  without  hearing  ampliﬁcation,  are  used
ith  a  neutral  sound:  music  or  white  noise,  at  a  low  inten-
ity  in  an  attempt  not  to  mask  tinnitus,  but  to  provide  a
eduction  in  its  perception.  Jastreboff4 developed  Tinnitus
etraining  Therapy  (TRT)  as  a  habituation  therapy  that  uses
ounseling  and  sound  therapy.  Fractal  Tones  Therapy14 uses
abituation  therapy  to  reduce  tinnitus,  through  a  sound
stant
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generator  that  produces  fractal  sounds  (music);  in  this
manner,  the  melody  is  maintained  but  does  not  repeat  itself.
To  observe  the  effectiveness  of  sound  enrichment  in  tinn-
itus  sensation,  minimum  masking  levels  (MML)  are  used  in
order  to  evaluate  the  effect  of  masking  the  perception  of
tinnitus  through  the  use  of  a  broadband  noise.15
Currently,  several  protocols  have  been  used  for  sound
therapy;  however,  reports  on  the  settings  used  in  sound  gen-
erators  of  hearing  aids  were  not  found  in  the  literature.
The  aim  of  this  study  was  to  demonstrate  the  effectiveness
of  sound  therapy  with  different  types  of  sound  generators
through  patients’  follow-up,  the  relationship  of  sequential
evaluations  through  previously  established  parameters  (THI,
VAS,  MML),  and  the  need  for  individual  interventions  through
detailing  the  customized  settings  of  these  generators  in
patients  unresponsive  to  previous  treatments  for  tinnitus.
Methods
This  study  was  approved  by  the  Ethics  Committee  under  CEP
protocol  No.  1090/11.  Patients  were  instructed  about  all
procedures  of  the  study  and  signed  an  informed  consent.
A  prospective  study  of  10  selected  patients  from  the
Tinnitus  Outpatient  Clinic  was  conducted  by  the  otolaryn-
gologists  responsible  for  this  department.  For  the  research,
20  retroauricular  behind  the  ear  (BTE)  hearing  aids  with  an
open  ﬁtting  were  donated  to  be  used  by  patients  bilaterally.
Of  these  10  patients,  ﬁve  used  the  Mind  9440  model  with
fractal  sounds  (WidexTM)  and  ﬁve  used  the  Reach  62  Model
(BeltoneTM)  with  white  noise.
Patients  were  recruited  sequentially  from  the  beginning
of  the  study,  alternating  the  indication  of  Mind  9  and  Reach
62  generators,  according  to  inclusion  and  exclusion  criteria.
Inclusion  criteria:  continuous  chronic  tinnitus  complaints
for  over  a  year  without  improvement  with  drug  therapies  and
with  no  speciﬁc  treatment  for  tinnitus  for  at  least  3  months.
Hearing  loss,  when  present,  was  not  the  main  complaint  of
the  patient.
Exclusion  criteria:  conductive  hearing  loss  or  changes  in
the  external  and/or  middle  ear.
During  the  use  of  sound  generators,  these  patients  were
evaluated  at  the  beginning  of  therapy,  and  at  1,  3,  6,  9,
12,  15,  and  18  months,  when  the  generators  were  switched
off.  In  all  the  visits,  adjustments  for  the  generators  were
performed  when  needed,  and  all  of  the  following  evaluations
were  carried  out:
Otolaryngology  evaluation
Pure  tone  audiometry  and  vocal  audiometry
Immitanciometry  with  stapedial  reﬂex  survey
HADS
VAS
THI
Acuphenometry  (loudness  and  pitch  matching)
MMLThe  HADS  questionnaire  was  used  because  it  is  a  sim-
ple,  rapid  assessment  tool  that  provides  data  and  identiﬁes
symptoms  of  anxiety  and  depression  in  individuals  under  no
psychiatric  treatment.
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To  better  understand  the  effect  of  tinnitus  in  patients,
he  type  of  tinnitus  presented  was  considered  and  character-
zed  by  acuphenometry:  a  group  with  whistle-type  tinnitus
quivalent  to  pure  tone,  a  group  with  hissing-type  tinnitus
quivalent  to  white  noise  (WN)  or  narrow  band  (NB),  and  a
roup  with  both  types  of  tinnitus.  In  all  groups,  evaluations
nd  adjustments  met  the  same  criteria.
Through  MML,  the  authors  sought  to  ascertain  the  min-
mum  intensity  of  tinnitus  masking  in  ascending  form  by
sing  bilateral  noise:  in  the  ﬁrst  instance,  WN;  in  the  sec-
nd  instance,  NB  at  tinnitus  frequency,  and  then  NB  at
00  Hz.
Reduction  in  THI  score  ≥20  points  and  reduced  VAS  were
onsidered  as  improved  parameters  of  therapy.
The  ﬁve  patients  who  used  sound  generators  with  music
ould  choose  between  ﬁve  types  of  fractal  sounds,  ran-
om  and  harmonic,  known  as  Zen.  Where  necessary,  the
djustments  changed  the  rhythm  (between  slow  and  fast),
requency  (between  low  and  high),  the  volume  in  a  range
rom  0  to  15,  and,  in  some  cases,  the  type  of  Zen  sound.
The  other  ﬁve  patients  using  sound  generators  with  white
oise  could  adjust  the  initial  volume  by  sound  pressure  level
SPL),  from  0  to  100  dB  SPL;  use  low  sound  cuts  between  500
nd  2000  Hz  and  high  sound  cuts  between  2000  and  6000  Hz;
nsert  slight,  moderate,  or  strong  modulation;  and  change
etween  slow,  medium,  and  fast  speed.
Patients  with  associated  hearing  loss  were  given  a  month
f  initial  monitoring  to  adapt  and  adjust  the  sound  ampliﬁ-
ation  before  being  connected  to  the  sound  generator.
The  equipment  used  included  an  AC40  audiometer  (Inter-
coustics)  and  an  AZ7  immitanciometer  (Interacoustics).
Hearing  aids  with  sound  generator  were  obtained  by
onation  from  Centros  Auditivos  Widex  and  Audibel  do
rasil.
esults
f  the  total  of  10  patients,  ﬁve  were  female  and  ﬁve  male,
ged  41--78  years.  Six  patients  presented  with  bilateral  tinn-
tus  showing  more  intensity  on  the  left  side;  in  three,  the
roblem  was  unilateral  on  the  left  side;  and  one  patient  had
nilateral  tinnitus  on  the  right  side.
In  the  analysis  of  tonal  audiometry,  it  was  found  that  two
ubjects  had  no  hearing  loss  and  eight  had  mild-to-moderate
ensorineural  hearing  loss  at  high  frequencies.  Of  these,  only
our  subjects  had  associated  hearing  complaints,  with  the
ecessity  for  placement  of  ampliﬁcation  in  their  hearing
ids  to  improve  speech  understanding  and  avoid  auditory
eprivation.
All  patients  used  the  sound  generators  for  at  least  6  h
aily  throughout  the  treatment,  regardless  of  the  type  of
enerator.
In  acuphenometry,  throughout  therapy,  10  patients
xhibited  tinnitus  between  3000  and  8000  Hz;  two  patients
tarted  sound  therapy  with  whistle-type  tinnitus,  four  with
issing-type  tinnitus,  and  four  with  whistle-  and  hissing-type
innitus  (Table  1).
In the  initial  assessment  with  the  HADS  questionnaire,
ne  patient  (patient  8)  had  anxiety  and  depression,  three
atients  had  anxiety  (patients  2,  3  and  9),  and  the  other
howed  no  such  alterations.
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Table  1  Visual  analog  scale  (VAS)  scores  according  to  type  of  tinnitus  in  the  beginning  and  at  the  end  of  sound  therapy.
Patient Baseline  VAS  for  tinnitus  VAS  for  tinnitus  after  18  months
Right  Left  Right  Left
1  Absent  Hissing  7  Absent  Hissing  5
2 Whistle  8
Hissing  8
Whistle  10
Hissing  10
Whistle  0
Hissing  3
Whistle  0
Hissing  6
3 Absent  Hissing  8 Absent  Hissing  2
4 Whistle  5 Whistle  9 Whistle  3 Whistle  5
5 Whistle  9  Absent  Whistle  1  Absent
6 Hissing  2  Hissing  5  Hissing  2  Hissing  4
7 Absent  Hissing  6  Hissing  2  Hissing  4
8 Whistle  7
Hissing  7
Whistle  10
Hissing  9
Whistle  5
Hissing  7
Whistle  6
Hissing  9
9 Whistle  5
Hissing  3
Whistle  8
Hissing  7
Whistle  0
Hissing  0
Whistle  0
Hissing  3
10 Whistle  0 Whistle  8
4
Whistle  0 Whistle  3
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Of  the  10  patients  monitored,  in  nine  a  decrease  of  20
oints  in  THI  score  (with  respect  to  basal  levels,  Table  2)
nd  reduction  in  VAS  (Table  1)  were  observed  at  the  end
f  the  sound  therapy.  Two  patients,  who  had  been  consis-
ently  showing  a  good  response  to  treatment,  demonstrated
 worse  score  at  15  months  (patient  7)  and  at  18  months
patient  2).
In acuphenometry,  the  intensity  of  tinnitus  was  reduced
r  remained  at  the  same  level  in  all  patients,  when  compar-
ng  the  beginning  and  the  end  of  sound  therapy.  Regarding
ML  with  WN,  volume  reduction  or  stabilization  occurred
n  eight  patients.  Compared  to  baseline,  there  was  a  need
o  increase  the  volume  of  sound  generators  in  all  patients
Table  3).
The  volume  of  MML  NB  at  tinnitus  frequency  was  reduced
r  remained  at  the  same  level  in  nine  patients  and  increased
nly  in  the  patient  who  reported  no  improvement  with
herapy.  However,  when  MML  volume  with  NB  at  500  Hz
as  evaluated,  this  occurred  in  only  six  patients.  These
esponses  were  important  in  setting  the  characteristics  of
he  sound  generators  (Table  4).
The  stabilization  of  volume  and  generator  characteristics
equired  3--12  months  of  sound  therapy.
r
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Table  2  Tinnitus  Handicap  Inventory  (THI)  scores  during  sound  th
Patient  
Baseline  1  month  3  months  6  months  
1  74  58  58  44  
2 72  56  40  26  
3 72  38  22  20  
4 38  14  24  34  
5 44  46  0  0  
6 38  34  26  22  
7 40  12  20  14  
8 58  56  62  60  
9 64  44  44  44  
10 58  50  54  32  Hissing  3 Hissing  3
Of  the  six  patients  who  used  only  the  generator,  two
patients  1  and  5)  returned  the  devices;  one  continued  with
he  therapy  (patient  2),  and  three  kept  the  generators  for
poradic  use  (patients  8,  9,  and  10).  Of  the  four  subjects
resenting  hearing  loss,  three  remained  only  with  ampliﬁ-
ation  (patients  4,  6,  and  7)  and  one  with  ampliﬁcation  and
 generator  (patient  3).
iscussion
umerous  proposals  to  determine  the  origin  of  tinnitus
xist,4,16,17 but  notwithstanding  the  cause,  the  most  impor-
ant  aspect  is  when  this  information  is  interpreted  as
omething  unpleasant  by  the  limbic  system.  This  emo-
ional  reaction  can  be  intensiﬁed  and  worsened,  resulting  in
ncreasing  stress  and  exacerbation  of  the  tinnitus  sensation,
ith  an  important  impact  on  quality  of  life.
Very  anxious  individuals  process  emotional  stimuli  moreapidly  than  non-anxious  people,18 and  even  considering  that
nxiety  has  not  been  established  as  a  causal  factor  in  tinnitus
orsening,  HADS  showed  that  this  condition  was  present  in
hree  patients  (2,  3  and  9)  who  were  already  using  controlled
erapy.
THI
9  months  12  months  15  months  18  months
50  38  40  24
22  22  22  54
20  24  12  16
20  26  24  18
0  0  0  0
30  22  14  16
22  10  38  40
66  66  58  68
38  38  36  12
36  36  36  28
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Table  3  Baseline  and  ﬁnal  intensity  (dB)  of  tinnitus  and  volume  (dB)  of  minimum  masking  levels  (MML)  with  white  noise  (WN)
in sensation  level,  and  the  number  of  times  the  generator  volume  was  adjusted.
Patient  MML  WN  Tinnitus  intensity  Volume  adjustment
Baseline  Final  Baseline  Final
1  25  15  15  05  2×
2 15  10  15  15  3×
3 20  10  10  05  2×
4 20  20  10  10  1×
5 10  0  20  0  1×
6 15  05  05  05  4×
7 15  20  15  15  3×
8 10  20  20  10  3×
9 20  20  10  0  2×
20  
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medications  for  their  treatment.  The  correlation  of  HADS
with  tinnitus  showed  that,  despite  the  non-occurrence  of
change  in  anxiety  characteristics  throughout  therapy,  this
fact  did  not  hinder  good  responses  to  sound  therapy.
In  patient  8,  characteristics  of  anxiety  and  depression  in
HADS  were  found  from  the  beginning  of  therapy,  but  the
patient  reported  that  she  was  not  in  any  speciﬁc  treatment,
because  she  had  not  thought  that  previous  suggestions  were
beneﬁcial.  She  was  the  only  patient  who  did  not  achieve
improvement  of  the  impact  of  tinnitus  on  quality  of  life,
which  leads  to  the  conclusion  that  depression,  as  reported
by  other  authors,19 prevented  the  adaptation  to  tinnitus.
Several  authors20--23 have  demonstrated  the  efﬁcacy  of
THI  in  monitoring  tinnitus  treatments,  and  we,  used  this  tool
as  an  important  measure  to  evaluate  the  impact  of  tinnitus
on  quality  of  life.  Therefore,  when  considering  that  tinn-
itus  is  dynamic  and  inﬂuenced  by  emotional  and  physical
changes,  it  was  important  to  assess  THI  throughout  therapy,
as  well  as  to  make  adjustments  in  the  intervention  when
necessary.The  authors  observed  improvement  of  ≥20  points  in  THI
scores  during  therapy  in  nine  patients,  which  is  in  line  with
the  ﬁndings  of  other  authors  (Table  2).20,24 In  those  subjects
n
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Table  4  Baseline  and  ﬁnal  volume  (dB)  of  minimum  masking  leve
500 Hz  in  sensation  level,  and  the  number  of  times  that  changes  w
Patient  MML  NB  TF  MM
Baseline  Final  Baseline
1  45  25  70  
2 20  10  25  
3 20  10  30  
4 05  05  55  
5 20  0  25  
6 15  05  25  
7 20  15  20  
8 15  20  20  
9 20  15  30  
10 20  10  40  
TF, tinnitus frequency.10  3×
hat  worsened  (patient  2  at  18  months  and  patient  7  at
5  months),  the  emotional,  functional,  and  catastrophic
spects  of  tinnitus  in  THI  were  analyzed.  Worsening  was
ound  in  all  three  aspects  with  respect  to  the  previous
valuation  of  patient  2,  who  had  worsened  emotional  sta-
us  due  to  personal  factors,  with  no  change  in  auditory
hresholds.  However,  patient  7  had  both  worsened  tinnitus
nd  hearing  thresholds  after  a  diagnosis  of  cancer  and  the
tart  of  chemotherapy/radiotherapy.  In  this  subject,  the  THI
core  for  functional  aspect  was  the  most  affected.  These
esponses  were  of  interest  when  relating  the  cause  of  wors-
ning  (emotional  or  functional)  with  the  qualitative  aspects
f  tinnitus.
There  are  several  possibilities  to  treat  the  etiology  or
he  effect  of  tinnitus.  Treating  the  cause  is  more  difﬁ-
ult,  given  the  difﬁculty  to  determine  the  origin  of  tinnitus
nd  also  because,  in  most  cases,  there  is  no  relationship
etween  a  cure  for  the  disease  and  the  elimination  or  reduc-
ion  of  tinnitus.  When  the  neurophysiological  process  of
abituation  takes  place  during  sound  therapy,  the  central
ervous  system  ceases  to  perceive  tinnitus  as  an  unpleasant
ensation  and  may  reduce  its  perception  or  even  suppress
t.4,14
ls  (MML)  with  narrow  band  (NB)  at  tinnitus  frequency  and  at
ere  made  to  generator  characteristics.
L  NB  500  Hz  Adjustment  of  characteristics
 Final
50  3×
30  3×
35  2×
50  4×
0  1×
20  4×
20  1×
30  4×
35  1×
20  2×
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When  measuring  tinnitus  with  the  use  of  VAS,  we  observed
 difference  in  hissing-  and  whistle-type  tinnitus  reduction
t  the  beginning  and  at  the  end  of  therapy  (Table  1),  with-
ut  any  change  in  pitch  during  the  treatment.  A  signiﬁcant
eduction  of  whistle-type  tinnitus  occurred  in  six  patients,
ith  suppression  of  tinnitus  in  two  patients  at  the  end  of
reatment.  However,  in  those  with  hissing-type  tinnitus,  the
eduction  was  less  noticeable,  or  the  intensity  remained
he  same,  and  in  patient  7,  who  underwent  chemother-
py,  the  authors  even  noted  the  onset  of  hissing  in  the  side
reviously  without  tinnitus.  The  decrease  of  whistle-type
innitus  occurred  even  in  patient  8,  who  did  not  achieve
 good  response  to  sound  therapy,  and  whose  HADS  scores
uggested  anxiety  and  depression;  this  patient  also  noted  no
mprovement  on  his  THI,  and  an  unaltered  VAS  for  hissing.
hese  ﬁndings  suggest  that  the  cortical  representation  of
histle-type  tinnitus,  expressed  in  acuphenometry  by  pure
one,  can  be  more  prone  to  modulation  in  the  central  ner-
ous  system.  Nonetheless,  considering  the  small  number  of
ubjects  in  this  series,  the  authors  cannot  claim  this  as  a
ypothesis.
According  to  Figueiredo  et  al.,25 there  is  a  correlation
etween  THI  and  VAS  scores,  which  agrees  with  this  study.
Throughout  therapy,  one  to  four  adjustments  of  the  vol-
me  and  characteristics  of  the  sound  of  generators  were
arried  out  until  stabilization  (Tables  3  and  4).  New  changes
ccurred  at  15  and  18  months  in  both  patients  who  worsened
patients  2  and  7).
In  isolation,  the  intensity  of  tinnitus  evaluated  in  acuphe-
ometry  did  not  indicate  the  success  of  the  therapy.  In
ll  subjects,  the  baseline  intensity  decreased  or  was  main-
ained  at  the  same  level,  including  in  patient  8,  who
eported  no  signiﬁcant  improvement  and  did  not  show
mprovement  in  THI  (Table  3).
Despite  the  reduction  or  maintenance  of  tinnitus  inten-
ity  after  treatment  of  these  patients,  there  was  a  need
o  increase  the  volume  of  the  sound  generators  during  the
herapy  for  all  subjects  (Table  3).  Conversely,  a  reduction  in
ML  with  WN  in  eight  patients  occurred,  with  an  increase
t  the  end  in  the  patient  with  worsening  of  hearing  thresh-
lds  (patient  7)  and  also  in  that  patient  who  did  not  improve
patient  8).
Thus,  there  was  a  correlation  between  intensity  of
innitus  and  MML  WN  intensity  from  the  generator.  With
abituation,  the  tinnitus  and  the  level  of  sound  required
o  mask  it  quickly,  as  in  MML  WN,  tended  to  diminish  or
tabilize,  and  the  central  nervous  system  tended  to  con-
orm  to  the  sound  of  generators,  thus  it  became  necessary
o  increase  their  volume  (Table  3).  Interventions  throughout
herapy  were  required  to  maintain  the  response.
The  literature  shows  that  the  best  option  for  habituation
s  broadband  WN,  because  it  is  less  bothersome  and  covers
ore  frequencies;23 however,  the  algorithms  of  the  hear-
ng  aids  enabled  changes  in  their  characteristics.  Thus,  this
tudy  used  other  support  measures  to  evaluate  and  change
he  characteristics  of  sound  generators:  MML  NB  at  the  tinn-
tus  frequency,  and  MML  NB  at  500  Hz.
The  ﬁrst  had  a  response  similar  to  that  of  MML  WN,  i.e.,
olume  reduction  or  maintenance  in  nine  patients.  How-
ver,  this  relationship  was  not  observed  with  MML  NB  500  Hz,
Table  4).  Despite  the  fact  that  low  frequencies  are  consid-
red  more  relaxing  compared  to  high  frequencies,  betterSuzuki  FAB  et  al.
cceptance  of  changes  to  higher  pitch  was  observed,  but
he  acceptance  was  not  good  for  modulation  and  rhythm
hanges.
This  study  also  observed  a  relationship  between  THI  and
ML  WN,  which  was  reduced  in  patients  with  good  responses
o  treatment  and  without  major  complications  during  ther-
py.  Although  Figueiredo  et  al.26 did  not  observe  this  effect
n  their  study,  these  authors  did  not  compare  THI  and  MML
N  throughout  the  treatment,  but  only  at  their  initial
ssessment.
Although  several  studies  have  demonstrated  the  impor-
ance  of  determining  the  mixing  point  for  habituation  of
innitus,  in  the  present  study  we  did  not  consistently  observe
his,  and  noted  it  only  in  two  patients  (9  and  10)  with  12
nd  15  months  of  use  of  the  sound  generator,  respectively.
he  ﬁndings  of  Tyler  et  al.27 also  showed  that  there  was
o  need  to  determine  the  mixing  point  for  habituation  to
ccur.
onclusion
t  is  possible  that  patients  with  whistle-type  tinnitus  have  a
etter  response  to  sound  therapy.
A  correlation  of  MML  WN  with  THI  during  therapy  was
bserved.
Apparently,  there  is  a  correlation  of  adjustments  to  sound
enerators  with  habituation  of  tinnitus,  an  aspect  observed
n  these  evaluations;  this  requires  the  customization  of  these
ettings,  according  to  the  patient’s  symptoms  and  their
nswers  in  matching  pitch,  loudness,  and  MML,  which  we
erformed  on  every  patient’s  return.
The  patient  with  response  to  HADS  for  depression  did  not
espond  well  to  treatment.
No  relationship  was  found  between  the  ﬁndings  regarding
ocation  of  tinnitus,  presence  of  hearing  loss,  and  type  of
ound  generator  with  the  other  criteria  evaluated  in  this
tudy.
onﬂict of interest
he  authors  declare  no  conﬂicts  of  interest.
cknowledgments
he  authors  would  like  to  thank  Centros  Auditivos  Widex
nd  Audibel  do  Brasil  for  the  donation  of  hearing  aids  for
his  research.
eferences
1. Tyler RS, Coelho C, Noble W. Tinnitus: standard of care, person-
ality differences, genetic factors. ORL J Otorhinolaryngol Relat
Spec. 2006;68:14--9.
2. Kochkin S, Tyler R, Born J. MarkeTrak VIII: the prevalence of
tinnitus in the United States and the self-reported efﬁcacy of
various treatments. Hear Rev. 2011;18:10--26.
3. Sanchez TG, Mak MP, Pedalini MEB, Levy CPD, Bento RF. Evoluc¸ão
do zumbido e da audic¸ão em pacientes com audiometria tonal
normal. Int Arch Otorhinolaryngol. 2005;9:220--7.
stant
1
1
1
2
2
2
2
2
2
2Effectiveness  of  sound  therapy  in  patients  with  tinnitus  resi
4. Jastrebroff PJ. Phantom auditory perception (tinnitus):
mechanisms of generation and perception. Neurosci Res.
1990;8:221--54.
5. Zigmond AS, Snaith RP. The hospital anxiety and depression
scale. Acta Psychiatr Scand. 1983;67:361--70.
6. Botega NJ, Bio MR, Zomignani MA, Garcia C Jr, Pereira WAB.
Transtornos de humor em enfermarias de clínica médica e
validac¸ão de escala de medida (HAD) de ansiedade e depressão.
Rev Saude Publica. 1995;29:355--63.
7. Newman C, Jacobson GP, Spitzer JB. Development of the tinn-
itus handicap inventory. Arch Otolaryngol Head Neck Surg.
1996;122:143--8.
8. Ferreira PEA, Cunha F, Onishi ET, Branco-Barreiro FCA, Gananc¸a
FF. Tinnitus handicap inventory: adaptac¸ão cultural para o Por-
tuguês brasileiro. Pro Fono Rev Atual Cient. 2005;17:303--10.
9. Onishi E, Kasse CA, Rodrigues C, Oliveira MHP, Bataglia PUR,
Aprile MR, et al. Como diagnosticar e tratar: zumbido. Rev Bras
Med. 2008;65:32--7.
10. Okada DM, Onishi ET, Chami FI, Borin A, Cassola N, Guerreiro
VM. O uso da acupuntura para alívio imediato do zumbido. Rev
Bras Otorrinolaringol. 2006;72:182--6.
11. Kleinjung T, Langguth B. Strategies for enhancement of trans-
cranial magnetic stimulation effects in tinnitus patients. Int
Tinnitus J. 2009;15:154--60.
12. Robinson SK, Viirre ES, Bailey KA, Kindermann S, Minassian AL,
Goldin PR, et al. A randomized controlled trial of cognitive-
behavior therapy for tinnitus. Int Tinnitus J. 2008;14:119--26.
13. Vernon JA, Meikle MB. Tinnitus masking. In: Tyler RS, editor.
Tinnitus handbook. Cengage Learning; 2000. p. 313--56.
14. Sweetow RW, Sabes JH. Effects of acoustical stimuli deliv-
ered through hearing aids on tinnitus. J Am Acad Audiol.
2010;21:461--73.
15. Jastreboff PJ, Jastreboff MM. Tinnitus retraining therapy (TRT)
as a method for treatment of tinnitus and hyperacusis patients.
J Am Acad Audiol. 2000;11:162--77.
16. Heller MF, Bergman M. Tinnitus in normally hearing persons. Ann
Otol Rhinol Laryngol. 1953;62:73--83.
2 to  previous  treatments  303
7. Kaltenbach JA, Zhang J, Finlayson P. Tinnitus as a plastic phe-
nomenon and its possible neural underpinnings in the dorsal
cochlear nucleus. Hear Res. 2005;206:200-26 [Review].
8. Ooms E, Vanheule S, Meganck R, Vinck B, Watelet JB, Dhooge
I. Tinnitus, anxiety and automatic processing of affective
information: an explorative study. Eur Arch Otorhinolaryngol.
2013;270:823--30.
9. Geocze L, Mucci S, Abranches DC, Marco MA, Penido NO. Revisão
sistemática sobre as evidências de associac¸ão entre zumbido e
depressão. Braz J Otorhinolaryngol. 2013;79:106--11.
0. Stouffer JL, Tyler RS. Characterization of tinnitus by tinnitus
patients. J Speech Hear Disord. 1990;55:439--53.
1. Baguley DM, Humphriss RL, Hodgson CA. Convergent validity of
the tinnitus handicap inventory and the tinnitus questionnaire.
J Laryngol Otol. 2000;114:840--3.
2. Berry JA, Gold SL, Frederick EA, Gray WC, Staecker H. Patient-
based outcomes in patients with primary tinnitus undergoing
tinnitus retraining therapy. Arch Otolaryngol Head Neck Surg.
2002;128:1153--7.
3. Kin BJ, Chung SW, Jung JY, Suh MW. Effect of different sounds
on the treatment outcome of tinnitus retraining therapy. Clin
Exp Otorhinolaryngol. 2014;7:87--93.
4. Newman CW, Sandridge SA, Jacobson GP. Psychometric ade-
quacy of the Tinnitus Handicap Inventory (THI) for evaluating
treatment outcome. J Am Acad Audiol. 1998;9:153--60.
5. Figueiredo RR, Azevedo AA, Oliveira PM. Análise da correlac¸ão
entre a escala visual-análoga e o Tinnitus Handicap Inventory
na avaliac¸ão de pacientes com zumbido [Correlation analysis of
the visual-analogue scale and the Tinnitus Handicap Inventory
in tinnitus patients]. Braz J Otorhinolaryngol. 2009;75:76--9.
6. Figueiredo RR, Rates MA, Azevedo AA, Oliveira PM, Navarro PB.
Análise da correlac¸ão entre limiares auditivos, questionários
validados e medidas psicoacústicas em pacientes com zumbido.
Braz J Otorhinolaryngol. 2010;76:522--6.
7. Tyler RS, Noble W, Coelho CB, Ji H. Tinnitus retraining therapy:
mixing point and total masking are equally effective. Ear Hear.
2012;33:588--94.
